Copolyesters are one of the most significant classes of polymers with repeating carboxylate group in their backbone. A novel random copolyester was synthesized using 1,4-dihydroxy naphthalene, quinol with phthaloyl chloride as dissimilar diols and diacid chloride monomers. The obtained polymers were characterized by ultraviolet-Visible spectroscopy (UV-Vis), Fourier transform spectroscopy (FTIR), nuclear magnetic resonance (NMR), thermogravimetric analysis, and differential scanning calorimeter. The surface morphology and crystalline nature of the polymers were analyzed using scanning electron microscope (SEM) and polarizing optical microscope. From the above, all details the synthesized polyesters are novel to possess the nature of liquid crystalline. Results of the exploration revealed that the innovative entries of copolymer were recommended into the set of liquid crystalline copolymers.
INTRODUCTION
Liquid crystalline polymers, counting main-chain and sidechain types, have been the subjects of several publications [1] [2] [3] and review articles. [4] Liquid crystals (LC) are well conservative in basic research as well as in the development of commercial use. For example, usually nematic LC are used for display appliance applications. In general, the liquid crystalline polymer combines mesogenic units and high molecular weight, and so exhibits admirable anisotropic physical properties as possessing and suitable molecular couture. Among them, the wholly aromatic liquid crystalline polyesters have generally received significant importance for industrial applications, Since of their use in high temperatures and comparatively high glass transition temperatures. [5] These polymers show liquid crystalline manners similar to their inventor monomers, but with higher stability. [6] Meanwhile, main-chain liquid crystalline polymers synthesized from bifunctional monomers also show liquid crystalline behavior similar to those of low mass model compounds. Above the glass transition temperature (Tg), segments in polymer chains can liberally move due to the micro-Brownian movement, and the orientation of decoupled mesogens induces optical anisotropy, which is a feature of the liquid crystalline compounds. Cross-linking between the polymer chains results in the network polymers and cross linking polymers. In this case, macro-Brownian movement, i.e., the motion of entire molecules, is prohibited by crosslinking, but micro-Brownian motion of segments is basically unaffected. Theoretically, LC polymers could be cross-linked to form elastomers in which properties arising from the liquid crystalline behavior could be really immobilized, yielding anisotropic solids with strange properties. Therefore, it is potential to realize a form-retaining liquid crystalline material preferred shape. The liquid crystalline polymers with rubber elasticity, which have been the subject of a number of reviews, can be industrial as a promising functional material. [7] [8] [9] [10] [11] [12] The anisotropic network can be formed through cross-linking from different liquid crystalline polymers, which consist of main-chain, side-chain, and combined polymers with reactive groups. During the past two decades, significant evolution has been made to enlarge side-chain LC polymers as materials for electric-optics, integrated optics, and storage devices. For all of these applications, it is essential to have samples with the optical axes of the mesogens being macroscopically and regularly aligned so that the LC polymers function as single crystals optically. Under an external field, consistently aligned mesogenic monomers containing two reactive groups or prepolymers incorporating reactive groups can be photo-or thermo-polymerized or cross-linked by one or two steps with the addition of a non-mesogenic cross-linking agent. As a result, macroscopically aligned elastomers named as liquid single crystal elastomers and anisotropic LC networks with different cross-link densities can be prepared, with macroscopic orientation in the liquid crystalline state fixed in the solid sample. Anisotropic LC gels (ALCGs) consist of a swollen anisotropic network and noncovalently bonded, but strongly oriented domains of low molar mass LC. During the past decade, the research in this field was very dynamic and fascinating, especially on their potential applications as intriguing, smart materials for converting electrical or optical energy into mechanical energy and vice versa, such as artificial muscles, light scattering electro-optical switches, and display materials, electro-or photo-controllable micro-or nanomachinery, electrically switchable color-tunable reflectors and full-color reflective displays, fine-tunable and low-threshold mirror-less lasing, etc. The main objective of this article is to review the research progress in the field of liquid crystalline polymers. A new technological application of liquid crystalline polymer has recent attention for their good thermal stability, excellent mechanical properties. [13] The texture, mechanical strength, and thermal stability of the polymer were completely dependent on the chemical structure and molecular weight of the monomers, thus fully aromatic monomers show good liquid crystalline property. [14] In the past decades, many researchers have developed many LCP's with considerable efforts on modification of the monomeric structure to reach more practical usage in industries. [15] [16] [17] Incorporation of aromatic monomers to the polymer forms a rigid structure in the main chain of the polymer and also increase the melting, decomposition temperature, and mechanical strength and more of LCP's. [18] Number of methods used to synthesize the polyester but the simple and the best method to synthesis LCP's is direct polycondensation, [19, 20] because this direct polycondensation technique was simple to prepare LCP's without catalyst and other chemicals. [21] In this work, we describe the synthesis of novel LCP's using quinol using direct polycondensation reaction in the presence of 1, 4-dihydroxy naphthalene and phthaloylchloride. To the best of our knowledge, this is the first scheme of synthesis of copolyester at reasonable reaction condition.
MATERIALS AND METHODS
Chemicals of high purity were obtained from a variety of commercial sources, phthaloylchloride, quinol, 1, 4-dihydroxy naphthalene all purchased from Merck, Mumbai, India.
Decontamination of solvent used in this process was 1, 2-dichlorobenzene, kept overnight in anhydrous calcium chloride then filtered and purified using fractional distillation method at the temperature of 180°C and finally separated. Petroleum ether was dried in the presence of anhydrous calcium chloride and finally distilled. Other solvents such as acetone, chloroform, carbontetra chloride, o-chlorophenol, dimethyl sulfoxide, and methanol all in AR grade were used to ensure the solubility of the polymer.
Experimental Method

Synthesis of Poly(4-oxynaphthalen-1-yl (4-oxyphenyl)Phthalate
Direct polycondensation of diols with diacid chloride phthaloyl chloride, quinol, 1,4-dihydroxy naphthalene in the ratio of 2:3:1 taken in a reaction flask with 250 ml of 1,2-dichlorobenzene and refluxed at 130-150°C at 36 h pursed in a nitrogen atmosphere with constant stirring. The content was cooled and dissolved in petroleum ether and kept in the refrigerator for overnight. Filtered crude was dissolved in acetone and evaporated to get pure polyester, and again it dried in a vacuum with phosphorous pentoxide. The yield of the polymer obtained was 81%.
Characterization of random copolyesters
The Fourier transform spectroscopy (FTIR) spectrum of copolyester was reported using Perkin-Elmer spectrophotometer. FTIR spectrophotometer with the samples incorporated in KBr pellets. The ultraviolet (UV)-Visible spectral analysis was performed on Shimadzu-uv-160A spectrophotometer using acetone solution. The 1 H Nuclear magnetic resonance (NMR) spectra were recorded using JEOL GSX 400 FT-NMR spectrometer operating at room temperature. Samples for analysis were prepared by dissolving about 10 mg of the copolyester in 5 ml of spectral grade CDCl 3 solvent. Gel permeation chromatography (GPC) calibration curves were recorded with waters associates liquid chromatography (Waters 510 high-performance liquid chromatography [HPLC] pump, Waters 717 autosampler). Polystyrene standard was used for calibration. Tetrahydrofuran eluent was used (flow rate = 1.0 ml/min). Higher magnification pictures were recorded for all copolyesters with scanning electron microscope (SEM) [Figures 5 and 8] .
RESULTS AND DISCUSSION Solubility
Copolyester, 10 mg was taken in a small stopper test tube which contains 5 ml of the solvent and kept for 24 h with infrequent shaking. Since, the polyester was insoluble in the cold it was slowly heated up to boiling point of the solvent. Thus, the polymer was dissolved. The process was done with different solvent qualitatively.
FTIR analysis
The FTIR spectroscopy is one of the important tools to identify the functional groups present in the synthesized polyester P6NPQ. The sample was scanned and recorded in the range of 4000-400 cm −1 . The characteristic absorption bands obtained for Co-polyester are shown in Figure 2 . A peak obtained at 1720.03 cm −1 arising from free and associated carbonyl stretching of the aromatic-aromatic ester group in the polymer [ Figure 1 ].
The bands observed 1192.03 cm −1 corresponding to the stretching vibrations of the ester C-O. The band arising from characteristic absorptions of naphthalene moiety was present in 3328.26 cm −1 . A broad peak observed at 3776.39 cm −1 reveals the p-substituted aromatic ring present synthesized polyester P6NPQ. [22] 
UV-visible spectra
Synthesized arbitrary copolyester reported in the current study contains substituted benzene chromophore. Therefore, there are two possible electronic transitions, namely π → π* and n → π*. The UV-Visible spectrum of the polyester was recorded in acetone, and it is found to be similar with two absorption maxima in each of these copolyesters. The spectrum of polyester is indulged in Figure 3 . It is noted that the absorption maxima is not influenced by the length of the spacer in the polymer chain, but subjective by the number of condensed rings present in them.
NMR SPECTRAL ANALYSIS
NMR spectroscopy was used to identify the formation of P6NPQ. The sample was analyzed with a Bruker 300 MHz spectrometer working at room temperature. Spectrum was recorded in CDCl 3 , tetramethylsilane (TMS) as an internal standard. [23] Chemical shifts values were reported in ppm relative to the signal of TMS. 1 HNMR spectrum of polyester is shown in Figure 4 . The peak positions (δ values) in this spectrum are presented in Table 1 . The chemical shift values can be explained on the basis of structural units present in these polyesters. The ring protons of phthaloyl moiety are one doublet and one triplet are highly deshielded and hence have high d values. Similarly, the protons of 1, 3-phenylene and 1, 4-phenylene rings present in the polymer chain also absorb at downfield in 1,4-naphthalene unit appear one singlet, one doublet, and one triplet nature.
GPC and HPLC study
A newer technique involves GPC, a qualified method that yields the absolute molecular weight distribution in about half an hour per sample. This method also called as size exclusion chromatography. GPC has its supreme value for measuring the molecular weight and polydispersity of synthetic polymers. A strongly correlated method, HPLC is more useful for polymers containing functional groups. [24] Both of these methods depending on the distribution coefficients, relating the selective distribution of an analyte between the mobile phase and stationary phase.
Thermo Gravimetric Analysis (TGA)
The thermal stability of the copolyesters was determined by TGA. It can be also used to determine the kinetic parameters of degradation of the copolyester. The continuous weight loss curve for the thermal degradation of the copolyester is given in Figure 6 . The degradation of all copolyester was carried out in a nitrogen atmosphere at a heating rate of 20°C/min. This 1 H Nuclear magnetic resonance spectrum of P6NPQ 
Differential Scanning Calorimeter (DSC)
DSC examination was carried out on a TA DSC Q100 calorimeter with a programmed heating procedure in a nitrogen atmosphere. The sample size was about 5 mg and encapsulated in hermetically sealed aluminum pans, whose weight was kept constant. The temperature and heat flow scale at different cooling and heating rates were calibrated using standard materials such as indium and benzoic acid. [25] P6NPQ Ther mogram contains sharp as well as broad peaks at characteristic temperatures indicating phase transitions, before melting. The transition temperatures were calculated from the DSC thermograms and they are presented in Figure 7 . Along with the type of mesophase detected in a hot-stage polarizing microscope. [26] These transition temperatures for the formation of mesophase determined by polarizing optical microscope (POM). These transition temperatures for the formation of mesophase were determined by POM and PXRD.
The T g and Tm of the polymers could be precisely determined from heating curves of their differential scanning analysis in P6NPQ. This thermal behavior is due to the nature of the spacer which links the main chain. Polymers having high T g and Tm contain rigid 1, 2-phenylene spacer. Polymers having low T g and Tm contain flexible spacer with serves to dissociate the disorder of the main chain from the greater order of the mesogenic groups and to decouple the motions of the mesogenic moiety from those of the polymer backbone. The effect of increased polymethylene flexible spacer length on the liquid crystalline polymer. [27] P6NPQ is having same T g and Tm, containing same quinol and isomers of naphthalene diol. Copolyester having 1,4-naphthalene moieties show same transition temperature.
Activation energies of degradation of the random copolyester
The kinetics of thermal degradation of copolyester was considered by measuring the rate of modify in physical properties such as weight over a series of steady temperature. The activation energies [ Table 2 ] are evaluated by Murray and White, Coats and Redfern as well as Doyle methods. [28] [29] [30] In Table 2 . Table 2 shows that the activation energies of the random copolyester are almost comparable. Relatively higher energy of activation values is observed in P6NPQ since the presence of 1, 4-phenylene and naphthalene moieties that have inbuilt stability factors due to ring structure and aromaticity.
OPTICAL POLARIZING MICROSCOPIC STUDIES
The characterization of LC by polarized light microscopy is mainly valuable for polymers possessing desired mechanical, thermal, and optical properties. Recently there has been considerable interest in TLC polyesters with low Tg values followed by a sharp transition to a mesophase with as a low Tm value as possible since these polymers are used in reprographic applications. The extensively employed technique to identify the mesophase in TLC polyesters is by optical polarizing microscopic investigation. [31] Extensive investigation on low molecular mass LC has proved that LC state can be directly correlated with the chemical constitution of the molecules. [32] [33] [34] [35] [36] Due to their chemical constitution, liquid crystalline phases having defined molecular organizations are formed.
SEM studies
The SEM micrographs are shown in Figure 9 . The studies use the polyester surface. SEM investigation was carried out for polyester at diverse places on the surface of the film with changeable magnifications. As shown in Figure 9 , P6NPQ polyester has extremely orientated and constant microstructure, which leads to excellent mechanical properties. Meanwhile, the polyester exhibited an identical distribution. [37] The representative SEM images of the condensed powder surfaces of polyester are shown in Figure 9 . The rigid and long-range orientational order is apparent from the SEM micrographs of this polyester P6NPQ. It has been recommended that the microstructure of TLC polymeric materials has some evidence of crystallinity embedded within an extended chain structure of the mesophase. [38] [39] [40] [41] [42] [43] These crystallinities have been described as a non-periodic layer structure which propagates among adjacent oriented chains. The SEM photographs of these random copolyesters show such crystallinity on their film surface indicating long-range orientation order.
CONCLUSIONS
Synthesis of aromatic polyester with high molecular weight was done by simple polycondensation route followed by the characterization of complementary analytical techniques. The copolyester was soluble in acetone and chloroform. The chemical structure of the synthesized polyester was definite by FTIR, and 1 H NMR spectral values are in accordance with ester linkage and protons of the polymer. The thermal data, i.e., deprivation of the polyester were investigated that the liquid crystalline condition of the polyester was more proved by SEM micrograph of the LC polymer film provides useful information about film surface of the polymer structure. The thermotropic liquid crystalline arbitrary copolyester may be a potential applicant for future device technology. 
